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法、扫描电子显微镜、透射电镜、X 光衍射等手段对银纳米粒子和 Ag@SiO2 核
壳进行表征，结果表明三种银纳米粒子及其核壳制备方法各具特点。方法 1 制备
的银纳米粒子粒径不够均匀，但制备的 Ag@SiO2 核壳表面光滑，易于分离。而
方法 2 和方法 3 制备的银纳米粒子粒径均匀，分散性好，可以包裹二氧化硅核壳，
但不易分离，且表面不易掺杂、键合荧光团。但三种合成方法均可用于制备纳米











































































The dissertation comprised of four chapters. 
The first chapter of the dissertation is the preface. Firstly, the progresses on the 
properties, methods of preparation and application of Ag nanoparticles were 
introduced. Secondly, the progresses on the metal-enhanced fluorescence (MEF) and 
phosphorescence (MEP) were also introduced, especially on the mechanism 
explanation of MEF and MEP. The proposals of dissertation were illuminated. 
The second chapter of the dissertation is the preparation and characterization of 
Ag nanoparticles and Ag@SiO2 core-shell structure. Three kinds of Ag nanoparticles 
were synthesized in “green method”. In the first method, AgNO3 was reduced by 
sodium citrate. In the second method, [Ag(NH3)2]
+ was reduced by D-glucose in the 
presence of β-cyclodextrin (β-CD). In the third method, AgNO3 was reduced by 
sodium citrate in the presence of β-CD. The three kinds of Ag nanoparticles were 
applied to  the preparation of Ag@SiO2 core-shell by hydrolysis of TEOS. The 
product was characterized by UV-vis, SEM, TEM and XRD. The results showed that 
three kinds of methods for the preparation of Ag nanoparticles and Ag@SiO2 
core-shell have its own features. The Ag nanoparticles prepared by the first method 
was not homogeneous, but the surface of Ag@SiO2 core-shell was smooth and easy to 
be separated, which was favorable to doping and chemical bonding. The Ag 
nanoparticles prepared by the second and third methods was homogeneous, but the 
Ag@SiO2 core-shell was difficult to be separated, which was unfavorable to the 
coupling. 
The existence of β-CD enable Ag nanoparticles have the features of even particle 
size, good dispersivity and stability, approximate to sphere. β-CD as the stabilizing 
agent has good stabilizing effect, which could be applied to the preparation of other 
nanoparticles. 















applied it to the study of metal-enhanced room temperature phosphorescence 
(ME-RTP) of fluorescein isothiocyanate isomer I (FITC) and diiodofluorescein (DIF) 
on filter paper. The thickness of SiO2 shell was 5, 10, 14, 20, 26, 32, 50, 70nm 
respectively. The distance between Ag nanoparticles and fluorophore was adjusted by 
the shell of SiO2. Consequently, the effects of distance for ME-RTP were studied by 
the following chapter. 
The third chapter of the dissertation is the study on Ag@SiO2 core-shell (with the 
shell thickness of 5, 10, 14, 20, 26, 32 nm) enhancing RTP of FITC. Metal-enhanced 
RTP was firstly observed on filter paper surface. As the shell thickness was 10nm, the 
metal-enhanced RTP intensity was 3.5-fold brighter from FITC on Ag@SiO2 
core-shell deposited filter paper as compared with an identical control sample with 
SiO2. 10nm was the optimum shell thickness for ME-RTP in this system. With 
increasing of the shell thickness, the increment of FITC-RTP intensity decreased. As 
the shell thickness was 5nm and 15nm, the increment of RTP intensity was 2.4-fold 
and 2.6-fold respectively. As the shell thickness was 32nm, the increment of RTP was 
very low. Enhanced fluorescence emission was also observed in this system. The 
tendency of MEF was similar to the ME-RTP of FITC. As the shell thickness was 
10nm, the increment of MEF intensity was 1.65-fold, which was the largest increment. 
The effects of Ag@SiO2 core-shell on absorption and decay time of FITC were 
discussed. The results showed that the absorption was enhanced and decay time was 
getting shorter in the presence of Ag@SiO2 core-shell. As the shell thickness was 
10nm, RTP lifetime of FITC decreased from 2.112ms to 1.777ms. Besides, we found 
that fluorescence lifetime of FITC at room temperature and low temperature 
(80-260K) also decreased. It proved that, in the presence of Ag@SiO2 core-shell, the 
RTP intensity could be increased and decay time was getting shorter.  
The fourth chapter of the dissertation is the study on Ag@SiO2 core-shell (with 
the shell thickness of 5, 10, 14, 20, 26, 32nm) enhancing RTP of DIF. The enhanced 
RTP of DIF which contained atom iodine as intrinsic heavy atom was observed on 
Ag@SiO2 core-shell deposited filter paper as compared with an identical control 















shell thickness was 10nm. With increasing of shell thickness, the increment of 
DIF-RTP intensity decreased. As the shell thickness was 32nm, the increment of RTP 
was very low. The effects of Ag@SiO2 core-shell on absorption and decay time of 
FITC were discussed. The results showed that the absorption was enhanced and decay 
time was getting shorter in the presence of Ag@SiO2 core-shell. As the shell thickness 
was 10nm, RTP lifetime of DIF decreased from 0.502ms to 0.449ms.  
Further more, we found that the increment of FITC-RTP intensity was higher than 
the DIF-RTP intensity in the presence of Ag@SiO2 core-shell. Through Zeta potential 
analysis, we found that the coupling of FITC and Ag@SiO2 core-shell was much tight 
than DIF with Ag@SiO2 core-shell. It also proved that FITC could be enhanced more 
easily than DIF by Ag@SiO2 core-shell. 
 
Key words: Ag@SiO2 core-shell; Metal-enhanced room temperature phosphorescence; 





























全球范围内迅速展开。2006 年，全球纳米技术产品的销售额已经超过 500 亿美
元，这些产品加权平均价格比同类常规产品高出约 11%。据 Lux 报告预测，未
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